INTRODUCTION
The Palouse Prairie of southeastern Washington State and adjacent northern Idaho is a critically endangered ecosystem (Noss et al. 1995) . Black et al. (2000) estimate that less than 1% of the native grasslands remain, primarily as small patches located on private lands. Now surrounded by an agriculturally dominated landscape, these prairie remnants are threatened by rural residential development and the spread of invasive species (Lichthardt and Moseley 1997) . Active conservation and management are critical to maintaining or potentially restoring prairie remnants. However, no regional or local policies currently exist to promote Palouse Prairie conservation, and those who believe such policies to be inconsistent with private landowner rights object to even discussing them.
Both policy makers and local NGOs have begun to explore protection mechanisms for the remaining native prairie remnants of the Palouse. However, identifying regionally appropriate and acceptable policies that simultaneously maintain prime farmland, protect private landowner rights, provide opportunities for growth, and conserve endangered biological communities has proven difficult. Limited information has hampered efforts to locate native biological communities and identify landowner and stakeholder values and beliefs regarding the Palouse landscape (Latah County Planning and Zoning Commission 2004) . Conservation plans that consider social values and human perceptions regarding biodiversity will likely receive more support from stakeholders than those developed based solely on biological value (Thayer 2003) . To gain a better understanding of http://www.ecologyandsociety.org/vol14/iss1/art9/ relationships between biodiversity conservation and human perceptions of the Palouse, we addressed the following questions: We sought answers to these questions using an interdisciplinary approach in which we collaboratively designed the research and collected the data, and then coordinated and integrated the analyses and interpretations among several disciplines. This paper presents a product of that collaboration in which we use a spatially explicit method to examine relationships between our data on human s perceptions and biological diversity within the Palouse landscape. Our results have implications for planners and policy makers given that Palouse Prairie remnants are important to landowners and the local community for reasons in addition to or despite their biological diversity.
Bioregional planning and landscape conservation
The roots of the bioregional approach lie in early efforts to combine human and ecological needs in land-use planning (McHarg 1969) . Place-specific planning that considers frequently inter-related social, physical, and biological components of a region is necessary to achieve landscape-level conservation goals (Steiner 1991 , Bailey 2003 , Thayer 2003 . Many traditional planning efforts use a top-down approach with little opportunity for public involvement, which is often limited to public hearings on already drafted zoning regulations. Historically, holistic planning efforts may have been hampered because of a lack of resources or an inability to combine and present social and biophysical data meaningfully (McHarg 1969) . In contrast, contemporary place-specific planning frameworks tend to be more flexible and strive for greater inclusion of local stakeholder views and values (Thayer 2003) . Bioregionalism is a placespecific perspective designed to achieve sustainable resource use and biodiversity conservation by simultaneously considering "natural" ecological boundaries and perceptions held by local stakeholders (Thayer 2003) . Including stakeholder perspectives during planning processes can increase acceptance of regional plans because the finished products inherently reflect the varied stakeholder relationships with the landscape (Theobald and Hobbs 1998 , Wondolleck and Yaffee 2000 . Bioregional planning explicitly integrates biophysical and social information, focusing on ecosystems rather than political boundaries as the units of analysis (Herring 1999) , and can address the unique complexity embedded in contemporary working landscapes with regard to issues such as production, conflicts over rural residential development, and invasive species.
Identification of spatial connections and overlap between native biota, cultural attitudes, and resource use zones is critical to identifying conservation options in a landscape such as the Palouse (Boothby 2000 , Farina 2000 . Humans give meaning to the natural environment by using symbols and concepts from their social worlds, in effect transforming "spaces" into "places" (Greider and Garkovich 1994) . Regional planning, therefore, can be thought of as managing the symbolic landscape to identify and protect meaningful places within it (Thayer 2003) . Geographic information system (GIS) tools provide an opportunity to develop powerful approaches to making such spatially explicit linkages between biological and social information essential to bioregional planning. Recent studies have sought to develop such GISbased approaches (Siniscalchi et al. 2006 , Brown and Raymond 2007 , Alessa et al. 2008 . In this paper we present a unique approach that uses GIS tools to combine quantitative biological data with qualitative data on the social importance of landscape elements. With this approach, we illustrate how social definitions of place overlap with areas of biological diversity. http://www.ecologyandsociety.org/vol14/iss1/art9/ Bioregionalism: reconciling biological and social needs on privately owned lands Understanding the range of landowner and stakeholder perspectives of landscape facilitates synergy between human needs and biodiversity conservation, reducing the potential for conflict in conservation planning (Russell and Harshbarger 2003) . Private landowners often express concern for the environment (Norton 2000) , but their support for conservation varies depending on perceived threats to their livelihood or private property rights (James 2002, Russell and Harshbarger 2003) . Biodiversity conservation is often viewed with suspicion, fueled in part by legal conflicts arising from the implementation of federal environmental laws and policies (James 2002) . When private land and private land rights dominate the social and physical landscape, a balance between individual rights and conservation goals is needed to plan for cultural and ecological sustainability (Riebsame 1998) . Kemmis (1990) argues that, to reduce potential conflicts, environmental policy should be set within the context of the community and should reflect landowner and stakeholder values. Revealing place meanings can help policy and decision makers understand people's perspectives, providing the foundation for appropriate regional resource plans (Cheng et al. 2003) . Conservation action in landscapes dominated by private ownership will depend on the decisions and attitudes of individual landowners and is promoted when social and environmental values converge (Luzar and Diagne 1999) .
The Palouse as a bioregion
The Palouse covers approximately 16,000 km², lying primarily within Whitman County, Washington, and Latah County, Idaho (Black et al. 2000) . The region is characterized by a moderate climate and rolling hills formed from windblown Holocene loess (Orr and Orr 2002) . These deep, fertile soils once supported a habitat mosaic of bunchgrass prairie interspersed with wetlands and forested ridges (Daubenmire 1942 , Lichthardt and Moseley 1997 , Black et al. 2000 . Following thousands of years of use by Native Americans, European settlers harnessed this productive landscape for agriculture beginning in the 1870s and rapidly converted the land to cereal and cool-season legume production (Black et al. 2000) . Agriculture remains a dominant economic, social, and biological force in the region, which produces some of the highest nonirrigated yields of wheat and legumes in the world (Scheuerman 2003) .
Because of the expansion of agriculture, less than 1% of the native Palouse Prairie remains, making it among the most endangered ecosystems in the United States (Noss et al. 1995 , Ricketts et al. 1997 , Black et al. 2000 . The few remaining patches of native vegetation contain plant associations and individual plant and animal species, including several endemics, that are rare or endangered at regional, national, and global scales (Noss et al. 1995, Lichthardt and Moseley 1997) . The giant Palouse earthworm (Driloleirus americanus), for example, is a rare species last recorded on the Palouse over 20 years ago (Fender and McKeyFender 1990) and recently rediscovered at a prairie site surveyed during this project (Sánchez-de León and Johnson-Maynard 2008) .
Although links between biological diversity and ecosystem function continue to be discovered, the scientific consensus is that loss of biological diversity alters ecosystem services and functions in ways that have immediate and long-term costs for human societies (reviewed in Hooper et al. 2005 ). There are several ecosystem functions on the Palouse that we expect are linked to prairie remnants and regional native biodiversity with immediate relevance to the rural and farming culture of the region, namely the importance of controlling introduced weeds and enhancing the effect of arthropod natural enemies.
Diverse native plant communities are more resistant to weed invasion and establishment than speciesdepleted communities (Blumenthal et al. 2003 , Pokorny et al. 2005 , Maron and Marler 2007 , with long-term reductions in weed biomass seen at prairie restoration sites (Blumenthal et al. 2003) . Plant diversity is particularly important, because both the presence of strong competitive species and species from multiple niches contribute to invasion resistance (Blumenthal et al. 2003 , Fargione and Tilman 2005 , Hooper et al. 2005 .
The activity and effectiveness of natural enemies are higher in landscapes with more native habitat patches and other semiwild refuges (Marino and Landis 1996 , Gurr et al. 2003 , Thies et al. 2003 . In fragmented ecosystems, the conservation of small habitat remnants is especially important for augmenting natural enemy populations, because http://www.ecologyandsociety.org/vol14/iss1/art9/ species/area and species/isolation curves are steeper for parasitoids and predators than for herbivores and primary producers (Kruess and Tscharntke 2000, Steffan-Dewenter and Tscharntke 2002) . Spatial arrangement is also more important for the former. Restoring prairie sites on the Palouse could enhance these services and functions, although the cost and uncertainty of restoration indicate that the conservation of existing remnants is a more desirable and economically attractive approach.
Threats to Palouse Prairie remnants include intentional destruction, the introduction of invasive species, and indirect effects associated with fragmentation and management practices in the surrounding matrix. Although we describe threats to Palouse Prairie remnants, these threats may also apply to other natural areas of the Palouse. Ongoing residential development, motorized recreational activities, and grazing can result in the destruction of entire remnants or areas within remnants (Lichthardt and Moseley 1997) . Invasive species, among the most pervasive threats to prairie remnants Moseley 1997, Weddell and Lichthardt 1998) , can be introduced from the surrounding agricultural matrix (Callaham and Blair 1991, McKone et al. 2001 ) by large herbivores (Laughlin 2003) , recreational activities (Dickens et al. 2005) , or other dispersal mechanisms. Indirect and less obvious threats to prairie remnants are related to changes in species composition because of fragmentation and edge effects (McKone et al. 2001) , agrochemical drift, and nutrient enrichment from adjacent agricultural practices (Forsyth and Westcott 1994 , Kleijn and Snoeijing 1997 , Suding et al. 2005 ).
Most of the Palouse is privately owned, making landowner support essential to the successful implementation of conservation policies (Russell and Harshbarger 2003) . Conservation challenges for the region extend beyond managing prairie remnants to include soil erosion, noxious weeds, and water quality, as well as the preservation of open space threatened by increasing residential development. Growing interest in conserving Palouse resources is exemplified by the expansion of regional conservation-focused nonprofit organizations as well as greater involvement by government agencies.
METHODS

Study area
Although many descriptions of the Palouse encompass a wider region (e.g., Caldwell 1961 , Duffin 2005 , we focused on a core area containing the majority of prairie remnants and most of the human population (Fig. 1) . Local and regional policy makers expressed interest in this study, and its results are informing current landscape-level conservation planning efforts (Latah County Planning and Zoning Commission 2004) .
Methodological design
Land-cover data collection
We created a land-cover map by hand-digitizing georeferenced National Agricultural Inventory Program imagery. The images were orthorectified aerial photographs of Latah and Whitman counties taken during 2004 and 2005, with a ground resolution of 1 m. We assigned land-cover types (Table 1) to delineated polygons throughout our study area. Boundaries and cover types in the Palouse tend to be stark and easily identified in aerial imagery and were verified through site visits.
Biological data collection
We used biological survey data to create a GIS map of native species richness, i.e., the number of native species, based on land-cover and species occurrence data. Native species richness was determined for two taxa, butterflies (Hesperoidea and Papilionoidea) and vascular plants, which had been surveyed in four of the dominant land-cover types on the Palouse: forest, agriculture, prairie, and introduced perennial grasslands. Both groups have been frequently used as biodiversity indicators in environmental research (McGeoch 1998 , Krauss et al. 2003 , and are still relatively abundant on the Palouse compared to other groups such as mammals, fish, birds, or amphibians. Furthermore, native vascular plant communities define the Palouse prairie ecosystem (Daubenmire 1970) and include several species of conservation concern to Washington and Idaho as well as one federally listed species (Table 2) . Although biodiversity can also include variability at genetic, species, and ecosystem levels (Gaston and Spicer 2004) , species http://www.ecologyandsociety.org/vol14/iss1/art9/ richness is conceptually simple and corresponds with available regional data.
Vascular plant data were collected using two different methods. Hanson et al. (2008) used randomly placed 20 x 50 cm plots to sample prairie remnants and non-native perennial grasslands, whereas Pocewicz (2006) sampled forests, prairies, non-native perennial grasslands, and agricultural fields using 2 x 20 m transects. Pocewicz (2006) collected butterfly data using line-transect distance sampling (Buckland et al. 2004) , in which individuals observed at all distances from a walked transect are recorded. We supplemented these data with Pollard transects (Pollard and Yates 1993) , in which all butterflies observed within a 2-m band on either side of a walked transect are recorded. The number and cover type of the sites sampled using each method are listed in Table 3 for both taxa.
Because threatened and endangered species are of particular concern to land management agencies and landowners, we also examined the distribution of four plant species of special conservation interest that are commonly described as Palouse prairie species (Table 2) . We supplemented element occurrence data from the Washington Natural Heritage Program (WNHP) and Idaho Conservation Data Center (ICDC) with information gathered during this study to identify locations of these rare species. Because of the sensitive nature of these data, the analyses are discussed generally, but the locations of element occurrences are not shown on maps.
Social data collection
We selected 90 landowners and other stakeholders residing and/or working in the Palouse area of Latah and Whitman counties to participate in the social component of this study. Using a qualitative case study approach (Stake 1995) , we used maximum variation sampling to ensure representation of a range of landowner and stakeholder perceptions (Patton 1990 ). As seen in Table 4 , we recruited initial interview participants based on their primary livelihood identity (Kingsolver 1992 , Slater 2001 from formal meetings, workshops, and a review of archival newspaper articles and Web-based searches (Hill 1993 Silene spandingii Spalding's silene Eastern Oregon, Washington, Montana, northern Idaho GP2 Threatened Threatened † GP3 (Global Priority 3) species have a global rank of G3 or T3, indicating that they are rare but not imperiled. GP2 (Global Priority 2) species have a global rank of G2 or T2, indicating that they are rare and imperiled. Idaho lacks a state endangered species act but uses global and state rankings from the Network of Natural Heritage Programs and Conservation Data Center.
participants to recommend at least one individual who shared their views as well as at least one person who had a different perspective (Patton 1990 ). Study participants were recruited until theoretical saturation was reached within preliminary analyses (Miles and Huberman 1994) .
Many interviewees fit more than one demographic characteristic category, such as a farmer who also serves as a town mayor or a local business owner who could also be highly active in community organizations. Table 5 characterizes the interviewees based on several demographic characteristics developed to illustrate the complexity found in the interview sample profile.
We conducted qualitative, semistructured, face-toface interviews (Miles and Huberman 1994) , averaging 1-1.5 h in duration. Interviews took place in private homes, offices, local businesses, or libraries and began with participants sharing their background and experiences on the Palouse. We then asked them to name and describe three places on the Palouse that were particularly meaningful to them, and to respond to the following questions: Interviews also included a participatory spatial mapping component (Donovan 2007) . Using ArcGIS 9 we merged topographic maps for Latah County, Idaho, and Whitman County, Washington, with layers representing primary roads, waterways, towns, and a regional digital elevation model. Using these layers, we created a map template, loaded it onto a laptop computer, and used the template as a base map during the participatory mapping exercise (Fig. 1) . After describing their meaningful places, participants drew polygons on the spatial base map indicating the location of those places. We recorded Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ each participant's mapped place or places as a separate layer and assigned an identifier corresponding with the interview narrative, ensuring that spatial data and narrative data were accurately linked for subsequent analyses.
Data analysis
Biological data
We compared native species richness for plants and butterflies among the four landcover types using analysis of variance (ANOVA). Pair-wise comparisons of mean species richness were performed using Tukey's Honestly Significant Difference procedure when significant differences were detected with ANOVA. All statistical analyses were performed using the R software package for statistical computing (R Development Core Team 2006).
We created an ordinal richness scale to represent species richness for each taxon. We bounded the upper score (10) with the highest sample richness for that taxon and set the lower boundary at 0. This resulting range was divided into 10 even bins, and mean richness for each cover class was then used to assign an ordinal richness score. The two scores, i. e., one for butterflies, one for vascular plants, were then summed to give an indication of overall species richness in each land cover, with a maximum possible ordinal score of 20 and a minimal score of 0. Scores over 10 were used as a cutoff point to distinguish between land covers with "higher" species richness and "lower" species richness. Analysis of the distribution of the four vascular plant species of conservation concern was based on occurrence records from the WNHP/ICDC databases applied to our land-cover maps to determine the locations of these species in our landcover polygons.
Social data
We used an iterative approach to analyze the narrative social data, allowing descriptive categories and themes to emerge throughout the research process (Miles and Huberman 1994) . We sorted the narrative data into nodes using an NVivo7 computer-aided database system (QSR International, Melbourne, Australia), yielding the identification and analysis of thematic categories used to describe meaningful places.
Narrative data and spatial data were then integrated in a multifaceted database linking narrative themes to each of the mapped places. This approach allowed us to (1) identify places that were meaningful across the range of participants, (2) pinpoint the characteristics shared by meaningful places, and (3) understand the multiple categorized reasons why places were meaningful to the interview participants. Total 90 † The public sector includes elected officials, other government-based planners and policy makers, and government agency personnel. ‡ The agricultural private sector includes producers, ranchers, and business people owning or working for private companies related to agricultural production. § The nonagricultural private sector includes entrepreneurs and business people whose work is not based on agricultural production. | Community organizations includes people working at regional or local nonprofit organizations. ¶ The education community includes researchers, teachers, and administrators working in Palouse area schools or universities such as the University of Idaho or Washington State University. # Citizens at large include retirees and stay-at-home parents.
Interdisciplinary data
We combined socially meaningful places and landcover layers with high biodiversity to show the overlap between these data sets (Fig. 2) . Each overlapping place was coded according to the theme (s) that emerged from the narrative analysis. We limited our analysis to eight major themes based on county-level priorities expressed by planners and policy makers as described in the Latah and Whitman County comprehensive plans and concepts from the bioregional planning framework (Table 6 ).
We used agglomerative cluster analysis to identify spatial relationships among the eight themes (McGarigal et al. 2000) . We calculated Euclidean distance between the eight themes based on a presence-absence matrix of the participant-mapped places associated with each theme. We performed cluster analysis using complete linkage on the resulting distance matrix and examined the resulting dendrogram for evidence of thematic groupings.
RESULTS
Palouse land cover
Within the study area, our land-cover data analysis revealed that approximately 72.4% of the landscape is devoted to agriculture. Approximately 9.2% comprised introduced perennial grasslands. Forest and prairie cover occupied 11.4 and 1.6% of the landscape, respectively. Developed areas, ponds, managed parklands, and seminative cover (Table 1) accounted for the remaining 5.6% of the landscape. Most prairie remnants appeared to be small and relatively inaccessible, typically located deep within agricultural fields. Forest patches tended to Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ Higher 58 † Locations within city limits were considered nonrural; outside of city limits, rural. ‡ A length of residency of more than 7 yr was considered established; less than 7 yr, new, as per selfidentification by participants. In reality, length of residency is a continuum, but is often operationalized as a dichotomous variable in the social science literature (see Smith and Krannich 2000) . § Participants self-identified as having either a low or high level of community involvement. Participants who identified as having low involvement were on average affiliated with 0-2 community groups, whereas participants who considered themselves to be highly involved averaged 4-6 community group affiliations. | Participants who considered themselves to have low political involvement were not affiliated with any local or regional political entities and did not attend regular political meetings. Participants with high political involvement attended regular community meetings and/or held political office.
be larger and associated with parks or private holdings accessible to recreational users.
Biological findings
Analysis of variance detected significant differences in species richness among the landcover types for both vascular plants (F 3, 39 = 100.71, P < 0.0001) and butterflies (F 3, 38 = 15.42, P < 0.0001). Native vascular plant richness was relatively low and not significantly different between agricultural fields and non-native perennial grasslands. Plant richness was significantly greater in native forests and prairie remnants than in agricultural and non-native grassland sites (Table  7) . Butterfly richness in prairie remnants was higher than in all other land-cover types (P < 0.0001). A nonsignificant trend showed higher butterfly species richness in forests than in agricultural fields or introduced grasslands (P < 0.08). Mean richness of vascular plants and butterflies is presented in Table 7 .
Based on the combination of ordinal scores for each taxon, forest and prairie have high native species richness (Table 7) . Three of the four plant species of special concern were located predominantly on prairie remnants. Palouse goldenweed (Pyrocomma liatrifomis) was strongly associated with prairie remnants and both locally abundant and widespread among remnants. Palouse thistle (Cirsium brevifolium) was also common among prairie remnants as well as open forest. Spalding's catchfly or silene (Silene spandingii), which is a federally listed species, was more rare, although also associated with prairie remnants. The fourth species, Jessica's aster (Aster jessicae), was mostly located in the eastern portion of Latah County and tended to be associated with open forests. None of these species was recorded in agricultural fields or introduced perennial grasslands.
Social findings
Seventy-two of 90 interview participants identified, described, and mapped as many as four meaningful places, creating a total of 154 participant-mapped places. Several interview respondents included multiple reasons from various themes in their meaningful place descriptions. By categorizing these locations based on characteristics that emerged from the narrative analysis, we identified 13 thematic categories from the 401 meaningful place characteristics (Table 6 ) associated with the 154 individually mapped places. The identified places ranged from the very specific, such as a particular place on a participant's property, to the more general, such as an entire ridgetop.
Eighteen participants were either unable to map their meaningful places on the base map or their mapped places were at a scale too large to be Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ included in the study. Several of these participants considered the whole landscape meaningful, making it difficult for them to identify specific places within it. This perspective is illustrated by the nonspecific comments of a retired farmer (Respondent 4): "Well, as far as I'm concerned, I think it is one of the greatest places on earth. The Palouse is one of the greatest places."
Other participants were unable to map specific meaningful places but articulated qualities they considered characteristic of such places. For example, one farmer described his meaningful place as "where the tall green grass blows in the wind," and a political leader explained that the "the ocean of rolling hills as far as I can see" was meaningful.
Not to discount the significance of the results, the participant-mapped places that encompassed the entire Palouse were excluded from further analysis because they could not be related to the finerresolution map of native biodiversity.
Interdisciplinary findings: overlap between biologically and socially important areas in the landscape
One hundred and twenty-four meaningful places overlapped with 113 prairie remnants and 109 forest patches. The meaningful-place characteristic "natural diversity" tended to overlap with the large forest patches and prairie remnants associated with Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ mountains and ridges in the eastern portion of the Palouse area, although some participants specifically referred to small prairie remnants. For example, one farmer identified a prairie remnant, often called an "eyebrow," located in his field as meaningful particularly because of its natural diversity (Respondent 52): "You go out there, and there are raccoons running along, and you see cougars once in a while, and deer. There are eyebrows in the field where the coyote pups are born in the spring ... I picked up the coyote pups before because, when they first come out, they are just like little puppies." Although many interview participants described meaningful places in terms of their natural diversity, they also frequently ascribed importance to places encompassing forest and prairie because of other characteristics (Fig. 3) . For example, the meaningful place of one rural participant was her home and the surrounding land, which included a prairie remnant. Although this participant included an area of high biodiversity within her mapped place, she ascribed importance to the place based on her experiences and memories, or her sense of attachment to that place (Respondent 18): "My home has got to be on the top. Just the fact that I've Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ lived here for the 25 years that I've been here, and that every daughter was born in that room where the piano is. And all our animals ... cats that got too old -they are all buried out in the little round garden back there."
In a variety of contexts, attachment was the meaningful-place characteristic most frequently ascribed to areas of high biodiversity. This characteristic was associated with diverse elements of the biophysical landscape, including cities, the Snake River corridor, individual houses, private land parcels, and the ridgetops and prairie eyebrows associated with land covers of high biodiversity.
Outdoor recreation was a characteristic that interview participants often associated with their meaningful places. Although many of these places included forest and prairie, participants did not necessarily identify biodiversity as an important characteristic of these places. For instance, when describing why Kamiak Butte County Park, which contains a large prairie remnant, was important, one participant limited his response to his recreational experiences there (Respondent 5): "Well, I love Kamiak Butte. I go out there when I want to do a short hike. It's great for hiking. It's not far; it's only like a three-and-a-half-mile hike. But it is nice and enjoyable."
Respondents frequently offered several reasons why a particular place was important to them. Reasons included, but were not limited to, natural diversity. For example, one participant described the cedar grove on Moscow Mountain as especially important, not only because of the diversity of plants and animals but also because of the recreational opportunities associated with the place (Respondent 58): "That's a good place to ride a bicycle. That's a wonderful spot ... and it's also a good place to look for mushrooms."
We used the results from the cluster analysis to decipher the complexity of the relationships among socially meaningful places and their associated characteristics. The resulting dendrogram revealed two clusters: one with characteristics related to historical or cultural values, agriculture, and private land ownership, and another that was important because of outdoor recreation, natural diversity, and scenic views (Fig. 4) . The attachment and sense of place themes were connected to both clusters.
The analysis demonstrated that attachment is a meaningful-place characteristic strongly connected with many mapped areas, including those with high biodiversity. Although attachment emerged as a strong theme, it was often associated with other place characteristics. Indeed, most meaningful places were important to participants for multiple reasons, creating a complex framework for understanding the importance of area, place, and community on the Palouse.
Although biological features influenced the social importance of places, several other characteristics were also important for assigning meaning. Interviewees most often identified visible landmarks accessible for outdoor recreation as important for natural diversity, e.g., Moscow Mountain. They also tended to include wildlife, native plants, and ecological functions such as biological corridors as important primarily in the eastern parts of the landscape. As a result, places identified and mapped as important by participants because of natural diversity tended to include prairie remnants and forest patches located on prominent ridgelines and along the eastern, more mountainous borders of the Palouse.
In contrast, the many small prairie remnants located throughout the central and western portion of our study area were less likely to overlap with meaningful places. In most cases, these small remnants harbor species of high conservation value, e.g., Palouse goldenweed, and support high native butterfly and plant richness. The few meaningful places that overlapped with these remnants tended to be associated with the agriculture and attachment themes, rather than the natural diversity theme. Although this result may suggest that public awareness of the existence and importance of prairie remnants is low, it also reflects an opportunity to link prairie conservation with policies that preserve agriculture. This linkage has significant relevance given changing patterns of land use on the Palouse. Because most remaining prairie remnants are privately owned and located within the agricultural matrix, prairie conservation efforts rely on landowner support.
DISCUSSION
In this study we identified socially and biologically important places on the Palouse and where and why they overlap. Our results provide evidence about the conditions and implications of these important overlaps. Mixed methods approaches that combine qualitative data sets, including studies that relate Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ place meanings with GIS, have an increasing range of applications (Creswell 2003, Steinberg and Steinberg 2005) . However, our approach extends the literature and applications by using GIS tools to specifically analyze points of intersection between social data derived qualitatively and biological data derived quantitatively. Using this approach allowed us to understand both where and why places of biological importance are or are not socially important to landowners and other stakeholders on the Palouse. The resulting analysis provides new and valuable knowledge for regional planners, showing that species-rich parts of the landscape may be important to stakeholders for reasons in addition to or despite their natural diversity. Understanding the range of social and cultural meanings that participants ascribe to biologically important places provides a more solid foundation for creating effective conservation plans that also reflect stakeholder values and beliefs. The meanings people give to these places reveal deeper social, cultural, economic, and political processes that can inform efforts by planners and policy makers to design socially acceptable land-use planning strategies. The two clusters visible in the dendrogram (Fig. 4) correspond to the two groupings of associations we described above: (1) themes related to history/ culture, private land ownership, and agriculture, which tend to occur in the western and central portions of the study area, and (2) themes related to scenic views, natural diversity, and outdoor recreation, which predominate in the eastern portion. The meaningful-place characteristics "sense of place" and "attachment" were expressed by many participants in reference to a diversity of places and were connected with both clusters. Both of these patterns suggest that conservation strategies can be targeted specifically to the localized values and meanings ascribed to eastern and western Palouse landscapes. However, the local differences highlighted also emphasize the need for fitting conservation into relevant community contexts that vary by group, place, and other conditions. The first cluster, which emphasizes historical, cultural, and agricultural themes, reflects a characterization of traditional local communities in the western United States built around production http://www.ecologyandsociety.org/vol14/iss1/art9/ livelihoods tied to the land and its resources. In contrast, the second cluster, which includes outdoor recreation, natural diversity, and scenic views, reflects more contemporary phenomena in many localities of the western landscape that are often associated with newcomers and/or landowners who may not have social and political roots in the local communities to which they migrate and/or travel for recreational purposes. Although our analysis does not suggest that the characteristics in these two clusters are mutually exclusive, the patterns highlight multiple, but often overlapping, criteria for how and why people value the same landscapes. In this case, the first cluster symbolizes more of the "Old West," whereas the second indicates more contemporary changes associated with the "New West" (Kemmis 1990 ). Both clusters also represent aspects of the intensified land-use conflicts often resulting from competing values in the western United States (Nie 2008) as well as the social and political movement to reconcile conflicts with adaptive governance and community-oriented resource management (Brunner and Steelman 2005) .
Previous related research revealed an important context for this finding. Jackson- Smith et al. (2005) found a more diverse set of private property orientations among ranchers in Texas and Utah than public policy rhetoric often yields. However, their findings indicated a strong resistance among private landowners to the idea that society has direct interests in land stewardship on private lands, including cases of damage to the natural environment. As such, an important gap may remain in connecting the sense of stewardship of production-oriented private landowners to public sentiments about the social goods sought from the same landscapes.
In contrast to Jackson- Smith et al. (2005) , Yung and Belsky (2007) provide the insight that, at the local level, private property ownership in the western United States can also carry social obligations such as hunting rights, access for the local community, etc. Their study identified differences between longterm and newer landowners in terms of how well they understood nuances about localized boundaries. Given the findings within our cluster analysis, the fragmentation of the Palouse landscape by rural residential development will continue to exacerbate the need for more integrated planning by local municipalities (Shumway and Otterstrom 2001, Sutton and Day 2004) to account for custom and culture at the community level (Wulfhorst et al. 2006) . In this regard, our results illustrate how "attachment" and "sense of place" correlate to both clusters, indicating a range of beliefs and sentiments about the importance of the same places, for overlapping reasons, across multiple groups within the landscape.
Understanding how these themes are inter-related and connected to the landscape has implications for conservation planning in this diverse landscape. The eastern Palouse may best be conserved by planning efforts that emphasize views, sense of place, and outdoor recreation. Appealing to the concern for natural diversity may also be effective, including initiatives for rare native species like the Palouse goldenweed or the giant Palouse earthworm. However, this approach may work better for conserving forested and high-elevation grasslands, because these were the areas most commonly identified as meaningful by participants.
In contrast, in the western portion of the Palouse, meanings were more likely to be associated with Cluster 1, i.e., agriculture, private land ownership, and attachment. This result indicates that prairie remnants may best be conserved there on an individual basis, perhaps by using an incentivebased or steward partnership program. Current agricultural conservation programs may also achieve biodiversity goals by protecting prairie remnants within farm boundaries from conversion to other land uses. On the other hand, a conservation focus that emphasizes threatened species alone could be viewed as a threat by advocates for private land rights (James 2002) and be less successful.
Because most remnants are located on private land, public support is necessary to ensure the conservation of Palouse Prairie (Russell and Harshbarger 2003) . As in other regions, many landowners on the Palouse identify themselves as resource stewards (Carlson et al. 1994 , James 2002 . However, when faced with the perceived dilemma of conserving resources over maintaining private land rights and financial well-being, landowners may hedge on giving priority to biodiversity (James 2002) . Thus, understanding landowner and stakeholder perspectives and the intrinsic value they place on areas of high biodiversity is critical to the implementation of successful conservation plans. http://www.ecologyandsociety.org/vol14/iss1/art9/ CONCLUSIONS Conservation plans that incorporate social criteria for valuing our natural heritage can garner more support than those based solely on biological criteria (Thayer 2003) . Perhaps even more important, precisely because social criteria can link to ecological parameters such as biodiversity, they may have the effect of reducing conflict by virtue of (1) integrating multiple dimensions and definitions of management situations, (2) creating more robust outcomes, and (3) acknowledging the integrity of both community and scientific viewpoints (Brunner and Steelman 2005) . Identifying the sense of place and attachment to place that can catalyze conservation-minded behavior and acceptance of conservation policy by the public is relevant and integral to sustainable planning (Thayer 2003) . Although challenging in an analytical sense, our approach of integrating qualitative stakeholder mapping with indices of biological diversity in a spatially explicit manner revealed some overarching trends in the spatial relationship of local values and biodiversity resources. Such an analysis can supplement and improve the more traditional planning view of social, economic, and biological values as often inherently in conflict with each other (Campbell 1996) . Thayer (2003) advocates addressing the complexities related to these three areas directly and looking for planning solutions that link these realms, rather than approaching each separately. This approach is facilitated by collaborating with stakeholders to set planning goals and remaining flexible in the implementation and conception of those goals (e.g., Carr et al. 1998, Wondolleck and Yaffee 2000) .
Our study builds upon these insights by assessing landscape elements based on their socially perceived importance, apart from whatever biodiversity conservation value these elements may have. GIS tools can help obtain participatory input for conservation planning (Talen 2000 , Gonzalez 2002 , Russell and Harshbarger 2003 . Our approach differed from these prior studies in that we used GIS to combine participant-derived maps of socially important areas with a layer of biological diversity derived from direct sampling in the landscape. More recent analyses have combined GIS layers of social and ecological metrics in interdisciplinary efforts to identify hotspots in which conservation needs and social importance appear to coincide (Siniscalchi et al. 2006 , Alessa et al. 2008 . Our approach is similar, but differs from these by overlaying biodiversity estimates with social data gathered using a semistructured process that is less restrictive than direct surveys with regard to the information obtained about social importance. Using this approach, we have identified attitudes within the local citizenry that could not only support but also expedite conservation efforts in specific parts of the Palouse landscape. Although we did not directly measure methodological effects, field observations indicate that this method may also empower participants by enabling them to convey their knowledge of the landscape as a participatory endeavor (Talen 2000 , Higgins 2004 ). We submit that such an approach is applicable wherever conservation efforts are required in humandominated fragmented landscapes, a prevalent condition worldwide (Pretty 1995) .
Our approach of linking qualitative perceptions of the landscape with biodiversity hotspots may diversify the ways in which county planners garner support for conservation efforts. For example, the perception of the Palouse Prairie as an important ecological and cultural resource has increased in recent years (Donovan 2007) , which creates the opportunity for adaptive and novel conservation approaches based on the convergence of different values, e.g., biodiversity and pioneer history, upon the same physical resource. This also exemplifies the dynamic nature of local demographics, perceptions, and biological conditions in the American West. This dynamism requires an approach to resource management that is both adaptive and collaborative (Dietz et al. 2003 , Folke et al. 2005 ), a process facilitated by understanding the relationships between the landscape and the values revealed in our study. The in-depth interviews we used add nuance to the process of building collaborative networks by revealing broad themes in values, as exemplified by our cluster analysis, as well as how the rationale for those values may connect stakeholders. For example, most of the small prairie remnants on deep soils are located within the agricultural matrix, which was only weakly associated with biodiversity values in our study. Nonetheless, these remnants are valuable to conservation biologists and prairie activists even though they are located in a part of the landscape associated with additional economic, specifically agricultural, production and social, i.e., farming life-style, values. One concern producers and conservationists share in the region is the control of invasive weeds as a threat to production and prairie Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ species, respectively. A potential collaboration in the region consistent with opportunities for adaptive management action could be to allow prairie conservation groups to access privately owned remnants for noxious weed control and restoration activities, which should benefit both groups. This might be best accomplished in a citizen-led collaboration, because government-led actions have generated distrust in some cases (Nie 2008) .
Throughout this study, local land-use planners and conservation organizations on the Palouse have expressed support and interest in our results and methods, and they are now including this information in their ongoing planning exercises. The Latah County Planning and Zoning Commission is currently conducting stakeholder workshops to further understand human perceptions of the landscape and the need to revise the county's comprehensive plan. The Commission also asked us to present our results and recommendations. Because many of these individuals also served as participants in the study, their perspectives regarding regional planning efforts are embedded in the findings. The study reflects planner and citizen perspectives and therefore can help to promote the adoption of the resulting plans in a region in which many view land-use regulation with suspicion. Whether conservation of biologically important areas can ultimately be achieved by appealing to other values remains to be seen, but the results of this study and its positive reception by local officials is encouraging. In this context, we offer several practical recommendations for policy makers and planners that we derive from this study: q Create the ways and commit the means necessary to understand landscapes from both biophysical and social environment points of view. Integrating these points of view can reveal patterns informative for effective conservation policy strategies. Investigate overlaps between biologically and socially important characteristics, because connecting divergent values may provide the common ground needed to avoid or overcome obstacles to broadly shared goals for promoting landscape quality and stewardship. The approach we outline has two potential limitations and challenges. First, its feasibility will depend upon the availability and resolution of biological data. Complete biodiversity surveys will typically be impractical and prohibitively costly. Alternatively, remote sensing to estimate potential biodiversity may be feasible in some settings, e.g., spectral correlates of net primary productivity (Alessa et al. 2008) . On the Palouse, however, we determined that spectral data did not provide any useful information about biodiversity, necessitating the combination of empirical sampling and the visual land-use classifications that we used. This is likely true in other settings. Our analysis therefore relied on indicator taxa. Sampling methodologies necessarily differed for each taxon, so that the data were collected at somewhat different spatial scales and sampling intensities. Given land-use changes, indicator species may vary over time, creating a need for systematic sampling across the landscape. Future sampling and monitoring of Palouse Prairie remnants could be conducted by local not-for-profit and citizens' organizations as part of restoration and conservation activities. Second, semistructured interviews yield rich data about human perceptions, but all of these data do not readily inform spatially explicit maps of social valuation of the landscape. Nonetheless, we found that the in-depth explanatory information gained through the semistructured, face-to-face interview outweighed this limitation. Practitioners will need to determine whether the semistructured or more directed survey approaches are most appropriate for generating GIS layers as indicators of social importance. Both have relevance within their respective appropriate settings. For example, using an exploratory approach during the interview process allowed us to better understand the range of meaningful places for stakeholders and allowed interview participants to reveal as much or as little as they wished about these places. Planners and policy makers can use the rich data generated through this study to develop more focused questions that will be useful in creating conservation plans that accurately reflect the social value of native biodiversity.
Although challenging, coordination of social and biological data collection is critical to this method. The best results may be achieved in an adaptive Ecology and Society 14(1): 9 http://www.ecologyandsociety.org/vol14/iss1/art9/ context, using iterative steps in which maps such as those generated in our study are then used as guides to direct resources for obtaining further social and biological data with the appropriate resolution. 
